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Protein Folding and Aggregation in the Cell
Simon Ebbinghaus.
Physical Chemistry II, Ruhr University Bochum, Germany.
Cellular protein misfolding and aggregation cause neurodegenerative disor-
ders like Huntington, Parkinson, Alzheimer and prion diseases. The diseases
may be predominantly caused by ‘‘gain-of-function’’ proteotoxicity, with mis-
folded proteins prefibrillar and fibrillar aggregates being the toxic species.
Protein structure, folding and aggregation kinetics are predominantly investi-
gated in vitro in aqueous solution with powerful biophysical techniques and
methods. We study solvent-induced effects on protein aggregation with the
focus of understanding the effects of the crowded cellular environment. We
use a combination of fluorescence microscopy and temperature jump relaxa-
tion (1) to spatio-temporally resolve these events in a single living cell. The
same instrument is used to perform the comparative in vitro measurements
in dilute buffer, crowded environments and distinct solvents. We present
new insights to the in vivo aggregation pathway of intrinsically discorded
proteins.
(1) S. Ebbinghaus, A. Dhar, J.D. McDonald and M. Gruebele. Protein folding
stability and dynamics imaged in a living cell. Nature Methods, 7:319-323,
2010.2948-Pos Board B103
Live Cell Fluorescence Correlation Spectroscopy with Real Time
Photoactivation Feedback
Matthew D. Weitzman1, Chandran R. Sabanayagam2,
Kenneth L. van Golen1.
1University of Delaware, Newark, DE, USA, 2Delaware Biotechnology
Institute, Newark, DE, USA.
Fluorescence Correlation Spectroscopy (FCS) is a well established technique,
classically used to measure diffusion kinetics in solution. One major hurdle
to implementing this technique to in vivo applications is the requirement of ob-
serving fluorescent molecules in the sub 100nM range. Many cellular proteins
are much more abundant than this upper limit, often being expressed at
micromolar concentrations. To allow for FCS measurements at these higher
physiologically relevant concentrations we have incorporated the use of a pho-
toconvertible fluorophore, mEOS2. This fluorophore initially displays green
488nM spectral characteristics. Under 405nM UV illumination the mEOS2
chromophore undergoes a polypeptide break, shifting it to a red 561nM spectral
characteristic. By controlling the intensity and duration of 405nM illumination
we have built into our system a feedback mechanism capable of maintaining
a defined amount of photo-converted molecules suitable for FCS analysis.
We have applied this strategy to study the diffusion characteristics of members
of the Rho GTPase subfamily which are endogenously expressed in the micro-
molar range.2949-Pos Board B104
Protein Folding across the Cell Cycle
Anna J. Wirth, Martin Gruebele.
University of Illinois at Urbana Champaign, Urbana, IL, USA.
The mammalian cell cycle is the biological pathway through which cells
grow and divide. During this physically dramatic process the cell doubles
in size, duplicates its genetic material, dissolves its nucleus, and ultimately
divides into two genetically identical daughter cells. Due in part to the fun-
damental role of cell cycle abnormalities to cancer pathogenesis, cell cycle
research remains a very active topic in the literature. Yet, there is a compar-
atively very little work exploring the influence of the cell cycle on protein
biophysics. Considering the immense intracellular physical changes the cell
undergoes during the cell cycle as well as the established sensitivity of pro-
tein folding to the intracellular environment, we aim to determine the in vivo
protein folding trends as the cell progresses through the stages of the cell
cycle. With Fast Relaxation Imaging (FReI), a fluorescence microscopy
system for measuring in vivo protein folding, we explore the temperature
induced folding thermodynamics and kinetics of a FRET-labeled model pro-
tein, yeast phosphoglycerate-kinase (PGK), in living U2OS cells arrested in
the prometaphase stage of mitosis and the G1 stage of interphase. We see
that PGK is more stable in mitotic cells compared to interphase cells, suggest-
ing that the protein folding environment significantly changes as the cell
progresses through the cell cycle.2950-Pos Board B105
Wnt3 Diffuses Freely in the Intercellular Space of Developing Zebrafish
Embryos
Guangyu Sun1, Cathleen Teh2, Vladimir Korzh2, Thorsten Wohland1.
1National University of Singapore, Singapore, Singapore, 2Institute of
Molecular and Cell Biology, Singapore, Singapore.
The Wnt family of secreted signaling proteins plays important roles during
animal development and disease. Wnt3 is evolutionarily conserved in verte-
brates. The zebrafish Wnt3, like that in mice, chick and human is expressed
in developing neural tissues. It was shown to activate the canonical Wnt path-
way and has been implicated in cell fate determination and stem/progenitor
self-renewal. To understand Wnt3 signaling in more detail, it is necessary to
study its behavior in cellular compartments as well as in intercellular space.
Here, Fluorescence Correlation Spectroscopy (FCS) is applied to investigate
in vivo Wnt3 secretion and diffusion patterns during zebrafish neural develop-
ment. We show that the bulk of GFP-tagged Wnt3 is found on the plasma
membrane and in the cytosol of Wnt3-producing cells. Wnt3 distribution at
the membrane remains relatively constant independent of developmental
stages, brain regions and level of expression, indicating that the plasma
membrane may act as a first checkpoint for Wnt3 release. The mobility of
the membrane-bound Wnt3 increases during development, suggesting faster
cargo exchange, which may reflect a dynamic mechanism responsible for
Wnt3 export. using spatially resolved FCS we further show that Wnt3 is
detected in the fourth ventricle of the hindbrain, forming a gradient from the
hindbrain Wnt3 expressing cells to the brain ventricular space. This indicates
that Wnt3 freely diffuses fromWnt3-producing cells and may traverse a signif-
icant distance in intercellular space before reaching its target cells.
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Size Distribution Analysis of Von Willebrand Factor
Svenja Lippok1, Tobias Obser2, Valentin Stierle1, Ulrich Budde3,
Reinhard Schneppenheim2, Joachim O. Ra¨dler1.
1LMUMunich, Munich, Germany, 2Department of Pediatric Hematology and
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Von Willebrand Factor (VWF) is a multimeric protein that promotes primary
hemostasis, a process that highly depends on the size of VWF. Although in re-
cent years a general understanding of VWF function has emerged, its dynamic
size regulation remains rather unexplored. To this end, we investigate the size
distribution of recombinant eGFP-VWF using Fluorescence Correlation Spec-
troscopy (FCS), Total Internal Reflection Fluorescence Microscopy (TIRF) and
Quantitative Gel Analysis and find consistently an exponential decay in poly-
mer size for plasma VWF. By monitoring the size distribution of VWF, we
measure the in vivo and in vitro size regulation of VWF by the protease
ADAMTS13, the major factor determining VWF function. We show that
FCS is well suitable to quantify the ADAMTS13 induced cleavage rates and
enable to discriminate between physiological and pathological concentrations
of the protease in patient samples. In addition, we aim to develop shear-flow
dependent measurements of the VWF cleavage. A two-focus FCS combined
with a microfluidic device will serve as a fast flow-through setup to investigate
shear-induced changes of the VWF functionality.
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Quantitative Characterization of Reversible GKAP-DLC2 Interactions in
Live Neurons by Scanning Number and Brightness
Enora Moutin1, Caroline Clerte´2, Vincent Compan1, Fabrice Raynaud1,
Matthew L. Ferguson2, Laurent Fagni1, Catherine A. Royer2, Julie Perroy1.
1IGF/INSERM/CNRS/UM1/UM2, Montpellier, France, 2CBS/INSERM/
CNRS/UM1/UM2, Montpellier, France.
GKAP is a core protein of the scaffolding complex linked to glutamate recep-
tors at excitatory synaptic synapses that enables their adequate targeting and
function. GKAP interacts with DLC2, a light chain of molecular motors. In
this work we performed a quantitative characterization of DLC2-GKAP inter-
action in living neurons using two photon scanning number and brightness
(N&B) to decipher the molecular mechanisms sustaining glutamate receptor
function in synaptic transmission. Cross-brightness measurements of
mcherry-DLC2 and CFP-GKAP in living neurons highlight different degrees
of homo- and heteromeric oligomerization depending on sub-cellular neuronal
compartments. In dendritic spines, DLC2-GKAP interaction involves hetero-
oligomers mainly composed by 2 DLC2 and 2 GKAP monomers, and some
higher order species. Intracellular pools contained higher order homo-
oligomeric complexes of GKAP and DLC2, with lower cross brightness, while
574a Wednesday, February 6, 2013the two proteins showed little interaction in the rest of the cell. Addition of
a competitor peptide fully disrupted GKAP-DLC2 oligomers, leading to the in-
hibition of NMDA receptors activity. Taken together, these results support the
notion of a hub function for DLC2 in ordering GKAP-containing complexes in
dendritic spines to control glutamatergic transmission.
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Using Calcitriol Conjugated Quantum Dots to Target Inflammatory
Breast Cancer Tumors and Metastasis In Vivo
Jeremy Bonor, Rachel Schaefer, Anja Nohe.
University of Delaware, Newark, DE, USA.
Calcitriol is the active form of Vitamin D3. Epidemiological data show that
women with Vitamin D deficiency at the time of breast cancer diagnosis are
94% more likely to experience cancer spread and 73% more likely to die
over the next 10 years, compared to women with adequate Vitamin D levels.
Since vitamin D deficiency is especially common in African American and
obese women, this observation may partially explain the relatively poor clinical
outcome experienced by these patients [2]. Although current treatments for IBC
are very aggressive and include surgery and radiation, IBC is still the most
deadly breast cancer and has a survival rate of only 40% past 5 years. Novel
treatments are desperately needed [3]. Current limitations for the use of calci-
triol as a treatment for IBC and non-IBC breast cancer is that high concentra-
tions of calcitriol must be delivered to the tumor. This is even more complicated
for IBC, since the tumor rapidly metastasizes and disseminates trough the lym-
phatic system. We successfully designed Mucin-1 (MUC-1) antibody-calcitriol
conjugated Quantum Dots (MC-QDs) that infiltrate the lymphatic system and
also accumulate at the original and distant tumor sites. using this approach
we analyzed the distribution and accumulation of MC-QDs in vivo in an in-
flammatory breast cancer mouse model over 4 days using an IVES Lumina sys-
tem. After 4 days, organs were extracted and accumulation of nanoparticles was
analyzed. using quantitative image analysis we showed that the MC-DS accu-
mulate at the tumor site as well as at the metastasized organs and tissues. The
obtained data suggest that quantum dots can be used to image drug-tumor in-
teractions in vivo and to deliver therapeutics to the tumor and metastasized sites
as well.
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Direct, Single Molecule Observation of Early Lymphocyte Signaling
Geoffrey P. O’Donoghue, Rafal M. Pielak, Alex A. Smoligovets,
Jenny J. Lin, Jay T. Groves.
UC Berkeley, Berkeley, CA, USA.
T cells show a remarkable ability to quickly (less than 10 seconds) respond to
fewer than 10 agonist molecules, even when structurally-similar self peptides
outnumber agonist peptides by at least 100:1. We recapitulate these phenomena
using a highly controlled supported lipid bilayer-live cell junction. using this
approach we report direct, single molecule observations of T cell receptor-
peptide-MHC binding kinetics coupled with stochastic simulations in order
to test serial receptor triggering models within the context of our studies of
membrane-proximal signal amplification in living T cells.
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Single-Molecule Fluorescence and FRET Measurements on Internalized
Proteins in Living Bacteria
Louise Aigrain1, Robert Crawford1, Joseph P. Torella2, Anne Plochowietz1,
Marko Sustarsic1, Achillefs N. Kapanidis1.
1University of Oxford, Oxford, United Kingdom, 2Harvard University,
Boston, MA, USA.
Despite advances in structural biology techniques (such as NMR and X-ray
crystallography), it is still extremely difficult to recover information on protein
structure, conformations and dynamics inside living cells. Fluorescent protein
fusions provide an avenue to study proteins in vivo but cannot directly report on
protein structure due to limitations in size, labeling position, and photophysical
properties; as a result, there is a pressing need for new methods that can study
protein structure in vivo.
Towards this goal, we developed electroporation methods to internalize pro-
teins labeled with organic fluorophores in living E. coli. Electroporated cells
retained viability while being loaded with different singly or doubly labeled
proteins of various sizes (15-100 kDa) and observed at the single-cell and
single-molecule levels; single-color fluorescence or FRET could be observed
for several seconds. The number of internalized proteins could be tuned from
a few to several hundred copies per cell.
We used the diffusion behavior of internalized DNA-binding proteins to study
protein activity and cellular localization. Internalized catabolite activator pro-tein (a bacterial activator) remains immobile in cells, likely due to binding to
chromosomal sites. In contrast, internalized DNA polymerase I Klenow frag-
ment (KF), a component of DNA repair pathways, diffuses through the cyto-
plasm and localizes when DNA damaging reagents are added. Measurements
on doubly-labeled KF molecules reveal FRET efficiencies centered ~50% (cor-
responding to an interprobe distance of ~5 nm), matching published in vitro re-
sults, and enabling the study of KF conformations and dynamics in vivo.
Ongoing work focuses on internalization of partners of specific complexes to
examine their structure and interactions in the bacterial cytoplasm, as well as
internalization in other organisms.
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Insights into the Organization of an ECF-Type Transporter by
Fluorescence Lifetime and Anisotropy Microscopy on Living E. Coli
Joanna Ziomkowska, Franziska Kirsch, Thomas Eitinger,
Andreas Herrmann.
Humboldt University Berlin, Berlin, Germany.
BioMNY (Rhodobacter capsulatus) is an ATP dependent, ECF-type biotin im-
porter, consisting of two different transmembrane domains BioY, BioN and
ATPase cassettes BioM. The organization and stoichiometry of the transporter
subunits is still a matter of debate (Erkens, 2011; Berntsson, 2012; Erkens,
2012).
To obtain insights into the stoichiometry of the transporter components we used
spectrometric, lifetime-based HeteroFRET (Finkenwirth, 2010) and static
anisotropy-based HomoFRET (Kirsch, 2012) approaches. To this aim, certain
transporter components, tagged with a fluorescence donor or acceptor, were co-
expressed in recombinant E. coli. The measurements led to the postulation of
a BioM2N?Y2 stoichiometry in living bacteria (in accordance with Neubauer,
2009, 2011).
Recently, we expanded the Hetero and HomoFRET approach form the spectro-
scopic to the microscopic level (Ziomkowska, 2012). The use of imaging tech-
niques for microbial cells has the same advantages as for mammalian cells:
expression level and localization of the protein can be validated in a single
cell during the measurement. Our experiments show that the spectroscopic
data can be reproduced in imaging experiments and will be used for the ongoing
research. Nevertheless, the orientation of the probe has to be taken into account
for anisotropy microscopy. To the best of our knowledge, we present the first
FRET-Imaging approach on living bacteria, a tool likely to be used for interac-
tion studies in any E. coli expression system.
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Single-Molecule Investigation of the Intraflagellar Transport of
Membrane Signaling Proteins
Anthony P. Kovacs1, Michael DeSantis2, Susan Dutcher3, Yan Mei Wang1.
1Washington University in St. Louis, Saint Louis, MO, USA, 2University of
Michigan, Ann Arbor, Ann Arbor, MI, USA, 3Washington University School
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In the past decade, cilia/flagella have come to be known as essential sensory
organelles for cells. These cilia/flagella perform their sensory function via sig-
naling pathways that include flagellar membrane signaling proteins and intra-
flagellar transport (IFT) machinery comprised of IFT particles and BBSome
particles. While the membrane signaling proteins are responsible for collecting
information regarding a cell’s environment, the IFT machinery has been impli-
cated in effecting the delivery of this information through the translocation and
proper positioning of the signaling proteins along the flagellar body. Unfortu-
nately, current understanding of this intraflagellar translocation and positioning
is limited to rough measurements of average IFT speeds with little regard for
speed fluctuations and the causes thereof. Further, the equally important diffu-
sive motion of signaling proteins in the flagellar membrane has been largely ig-
nored. As such, we use single-molecule fluorescence imaging methods to study
the intraflagellar motion of BBS4-GFP, IFT20-GFP, and Pkd2-GFP, a trans-
membrane signaling protein, in Chlamydomonas reinhardtii. (i) In the flagellar
entry region, we have found that Pkd2 largely performs Brownian diffusion,
implicating lateral membrane diffusion as a primary flagellar entry mechanism.
(ii) In the flagellar body, we have found that IFT trains exhibit speed changes of
approximately 5 400 nm/s, which we interpret as events of dropping off or
picking up membrane signaling proteins. Futhermore, we have observed the av-
erage speed of an IFT train with a BBSome attached to be 300 nm/s slower than
the speed of a train without a BBSome, indicating that the BBSome carries at
least one membrane signaling protein. (iii) Finally, at the flagellar tip,
BBSomes remain bound to their associated membrane signaling proteins, dif-
fusing in the membrane at the tip for an average of two seconds before under-
going retrograde IFT.
